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(57) Abstract: 

PROBLEM TO BE SOLVED; To prevent generation of 
crack and improve Al composition without thinning a layer 
by evading a lattice defect problem involved in introduction 
of Al by specifying a thickness of an AIGaN layer. 

SOLUTION: A d^tim4hick single crystaUine layer 403 

which is mainly composed of gallium nitride of Mg 

concentration of Nj^gi'^'"'^ ^ provided adjacent to a board 

401. A djfim-thick Gai.^AI^ N-base semKonductor layer 

405 whereto Mg of concentration of NM cm"^ is added 

s 

and whose Al composition (x) is 0.02 or mora and 1 or less 
is provided to a position which hc^ds a angle crystal 403 
together with the board 401 therebetween to have a 
relation that d^/(1600xx)<d2<3,ex10-®xlogN/(x-K).02)+0.02 

among Al composition (x), concentration NM , 
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concentration h^^, thickness d^ and concentration d^. 
Here, as for Ncm-^, N=NM -N^, if NM >N^, and N is a 

g bQl g bg1 
back ground level of Mg in undoped Ga. Al N if NM 2N 
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(57) 

A 1 N©J^5i*.S^t-S ^ < -i' ^ i^©^ife5£Bejt 
iPO, AlGaNJi®Al*aj5S^iS<-r5o 

W^nsfc^it:. Aljaj^xtfO. 02tlJ:lfetTi: 

^cSJPo^^da /zmfflGa.-x Al« N^^^^fTS^ 

yr>AJS*S<*:^^-efe5. d. / (1600XX) <da 
<3.6 xio-'x logN/ (x+0,02) +0.02. Cizr. 

NM.^Nb,, <am^. NttSSiSAP^Gai-, Alx NK 
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(2) 



1 

NMMcm-^<D^^:^iyr:7Aifimu^tl^ti>iZ, Aim. 

di / (1600XX) <da <3.6 xlO'^x logN/ (x 
+0.02) +0.02 

NM.>Nb.i N = NM.-Nb,i , 

H0BarSS;giC3£Jg LTlgtt €>nfe nM A 1 G a t & 

A 1 GaNigi;SCJ:r3TByg3rSf£;g*stfe*tLS J:^ tea 
iP-o, Bfil3^^t*:S®0JP&Bal3n?gA 1 Ga 
N®©®J^ J: t> <. L&lt^:^ 1 aaSO^Yb?!/ »J A 

mga«fSJitcil£^UTS:lte>nfenSA 1 GaNJii;^ 

A 1 G a NM 1 1; J: ^ T 8?gafi5IMistI&* J; 5 
M^n, **o, B5g3^S?f*0®Aiafi£<&H?gen^Al 
G aN®® A l«§j5£<i; D 4)]S< b&3&^ 1 gBm©^<b 

0. 0 2jL:iJ:HilTi::fe5J?«5^da /zm«DGai-x Al 
. NSr^^i;t-«.^^¥ft:Jgt&ffi^. B583Ali|aftE 



4^ga¥ 9 - 2 9 3 9 3 5 



d, / (leOOxx) <d, <3.2 xl0-» logN' / (x 

+0.02) +0.02 

CCTn N' <cm-') ii. 

N.i>Nb,2 N' =N,t-Nb,a > 

N,igNb,2 ®J®^. N' (i^^a©Gai-x Alx N 



*afigx*iO. 0 2t;t±liiLTii:&Si?<i^d3^m®Ga 
1-. Alx N^^^fc-rSpM^^'V KigtStS^, 

tr/§3Aii§fi£x, ttriaiasNM., BugB#iKa@<^-7i^^ 

i^f^Ait^Nb^i cm-% W-^dx ^JJW-Hdz i:©^ 

d, / (leOOxx) <d3 <3.6 xiO-=x logN/ (x 
+0.02) +0.02 

N„,>Nb.i ©m^. N = N„,-Nb.i X 
N„,^N.,i NH;M^incDGa,_x Al^ Nd 

A^^Ao^nfcn-A i GaNi^^y b*Mi:$il^&g<b 
ri/U-^A^ifsSS^^^^^g, 

Jtil±fflAlGaN^tx 

30 *l®O>^l^0;PC;T©^gaGaN^i:&fiS^,.grga 
i: 1 ® W±© A 1 G a N0®0S®i^ASmigB 

[0 00 1] 

[^^©S-rs^J$ff^l&] GaN, AlGa 

N, InGaN^O^SftS^trif£af^$:§;t^5^ft^i; 

-j7A5^*^a;^^SUf^fb:;tf'Ji>Am^3if$:^5t^m{z 
40 [ 0 0 0 2 ] 

?^fru-if i: bT I n Ga A 1 P^J^^t J;S 6 0 0 nm 

50 ^«;^-1f®|§^*I^^^cfTt>n•r^r^5o•^T^cII-VI 



(3) 
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C0 0 0 4]-:;&. GaNS^M4i^^(*U— tfii. 350 

CO 0 0 5) zox^fzm(tis*}'>i^m^m{$.\tmnm 

to 0 0 6] ■ifi^lftL'— tfm0&4!)t{±. 

iSfflf5S:gS^]S-rs*i»»::iiA isaise* 2 5 %L:k± 
x\ m^^Ptmm^<Dm^x>^mo. 3/<mjL:;±« 

StSiS, 20 
[00073 LiJ'LUifi^. SAlifafigcoAlGaNii 

[0 0 0 83 AlGaNJSi:, B^^-rs GaN^*. b < 
®5I-p5i!3ll;**®fc». AlGaNJiiPAJEg^Mlii± 

^MLx^t.i3iZ>iii-m^mmizi^^^j/^, miA.^ifi^t so 

CO 0 0 9] -E4)^t)AlNfcGaNi:*eH:2%^b®fe 
?S3!SllA*i&So Lfei»SoT. 2 0"-3 0%i:^r^ 40 

o & A XiatSO A 1 G a N i: G a N i: icijv 0 . 

KAlS^tr®&#K:fi£:g^F-&fc«^, TtttUTOfe 
?^SlttOaN0-encSE$ixSo Ufc3t>*oT, Al 
GaNjBtclig|^5l»)M5^^**«X^*l-tU*l\ ffilfift 

AlGaNJg©0. 2-0. 5 /imi:V^^fc;¥^|±ii: 
^i:SGaN®t:jt^-r$^^J^&Mx.TJ3t)> iSS©^ 



CO 0 1 03 ^^^'vi'tfii^si:. m^izmmtim:^ 
[0 0 11} ±gB^^t±v Mm^-^tsui-vmit-^^ 

t3|ise.-r. fibo^it^?. m^T^^w::^. /^y-x^w 
COO 1 2] m>f;y'>Al±M>h-:^i,.y7-3!,S3. 4e 

c 0 0 1 3 3 s<b:tf y '^mmm$m(Dmmi^ UTt±. ^ 

$t^tJW^ii,e,n5o (MOCV 
2-^ >^0©.>ai-7\A*36s^35:-y7r-fTtf, SR^' 
[0 0 1 43 L/JtPU t*-7T-1*7'fc^<b:tf';f>Afcom 
«Sffiv^fc®^tcii^fb;!;y "^A*Ja*^tcj5gSb-¥>*r 

[ool5]M^(^^ ■y-7T^7'aiscD±t::f^fig?n5 

^^b:*f y Am^ifti^^ :t- Y X-^Hti&mifi 5 2 0 nm 
<0Mit^<DX^t3i^^^mt, ^Jta^^ttv «lii£2 0 

Sfcs j^^^li^ nm4 0mA(Omi^X\ MfiW 
1 000^HT?eD^a^i*AS2 5%T-SS, L&Aio 

■fb**SSnTl>5<, 

coo 1 63 Sfc, ll:^3|g?, KiS^^. J^iSSiiif^lg 

^■^x^^9-um^izmifi^^). ^m^::^±^3sv^,' 

[0 0 1 73 W±©®«:i|^®f$:^^t::*i(t5^^^tifc 

^■t:^^tj,mmiii. I'—^m-^trnmiz^ oa,-, a 

[0 0 1 83 Gai-, Al, Nm<Dx^m^tZtX-^ 



5 

^^-r K T- tiSR? ^ti^rAJg L < S < 5 C: i: AiJO n 

Tfl^fiR-rsOAsi^mt^SIST-, ^?SmA^^U<ig<3&; 10 
[0 0 2 0] 

[^^A*«¥^UJ:ai:-rsSS] ±a^U&J;5t, Ga 
N. AlGaN^ InGaNm<om^^^tsi^mi$>^m 

^^m'¥'^mmm^mi^-t^ztii)ii^mi^$^^<3!>mm^ 20 

nfcfefflTV AX^At^^^t&^^SEr^M^&mSU G 
ai-, Al« l^<om^^mr?>:iiif3:<^^*Ji/<0^^ 
SfiSlhU iPO, AlGaNJgCDAlffi^£S!i5< U «ai 

^«s<*;^^SEt&tiffit-5 c t a i: -r 5 o 

[0 0 2 23 30 

Gai-x Aix N^tt±> m^=^m^<oittbm^mmifi 

^ y U-^'-r < 3fe -S i: ^ C t (C^^Jo t Ti5 1) . 

[0 0 2 3] biPb. %^#e)A*^bfc, Ga,-, A 
tcj;5fc, xAJ:^$v>tai^i'5iy^'As?gib-¥'-rv^<Srai 40 

[0 0 2 43 oSt), Mg$K-rb&AlGaN^ 
lix r> K — T'^SV'.ttS i h'-r^nMAl GaN<fc 

S&mav^S^iSS^b^ ti63l5J;D2 0%ipP)5 0%a 

Ttil X 1 0^'cm-=i»»P,2x 1 0"cm-»©^iB-ec: 50 
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«CoTM«tV^*J, Mg&igiSSK-T-b&B^flGaN. 
Al GaN0a®^7:*-Di;— As^-fbf SCfciP?,#^ 

m^be,nTV^?.E^|^^J^^TT-^^bTV^Si:1-n 

^■r5^^^T•^?5s/4'S^^r$^JbTv^s, t*)fl?f2T-&s- 

[0 0 2 53 mm^^it. V-yT-<^tii^(Q^ 

®^^JW±lc-rnK, ii«ilt®^Efi*I«:|&^^«i3i)SA 1 
GaN®®*,®c&sc:t5&Mtti:eb&„ bfei^oT. 
AlGaNJgO^^^^Ht-tllS. Al^At^dte? 
^Mtz:<t >3 A 1 GaNaK:^^y/5'^3&s^^^S(Z>^g5 

[0 0 2 63 *si®&%m±ga^Bt3m^<^,cDT-fe 

[0 0 2 73 Ife-r. 1 t^^fEI-S^^li. 

i:, s^gfcJg^bTfi9;(^e,n^ v*^:?;'>>>A^t^N»,«, 

immxA^O. 0 2i:;±iaTfc'5;S;P5^*^d2 ^m©Ga 
i-x Alx I^ti^^ht^^m^mil-^^PL. Alffi 

[0 0 2 83 d, / (1600XX) <ds <3.6 XlQ-'X 
logN/ (x+0.02) +0.02 

CICITn Ncm-^ii, N„.>Ni,.i N = N„.~ 

Nb,i ^ NM.gNbci NttM^ADCDG.a,-x A 

[0 0 2 9] :iffiJ;55:^f'^^^fc-r^Yb:JtfUC'A^^4^ 
^^^^^tCiil.->T(±. Gai-x Alx Nigib-J^t^-ecOiifi 
^®^fc:^3V^T. Ga,-x Al« N(Z)^55ii£^-r-5 C i: 
5Ec < ^ «if 4^ ® IS* ;£g5 « C ASf § S « b fcA* o 

m bfc t § t tt^jfcja^® iRi±^?;;g&f^«H® la^^b 

Ji$J5Sbfei:$K:(ii&#^|£®tqI±S:0:A>5;i4:Ast§ 

So 

[0 0 3 03 2telc. 8S:^Jg2tm^t-e^Wli, gf^m 
fefSaiii:. fS<4JSt^i£mbTl9:[te.nfcnSAlGa 
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[0 0 3 1] c®<t^«:m&Kft&c:i:t3J;t»v 

[0 0 3 2] ^fc. m^m^^^Mfi&•t^^miA. 

^|s#t*:Jg®Ali6afS&nSAlGaN®CE>Aljig 
to 0 3 3] CKOJ^^/dsmSKIt&cfctJ;!)^ IS* 

Sflkv ^^f^(Z>Aim££<&nMAlGaNii(OA10 

[0 0 3 4] 8S:^i^4t::Jtiff&-rS%m. mt 30 

cm-^©^i^As»]^tlSi:^>t:^ AIMJSSxAiO. 0 
2W±iWTi:^S^tf!*'da /zm©Gai-x Al, 

^^ti-s^ssftstscsiL, Aifij6£x, mm 
commit ^mih-ff^}^i.m^m{i>^i'x-^i>. 

ID 0 3 5] di / (1600XX) <d2 <3.2 XIQ-' 1 
ogN' / (x+0.02) +0.02 40 
CCT. N' (cm-^) (i, N„i>Nb.a N' 

Ga,-, Alx N®a5g®^iv{'i^7'i?> Hl/^^b-efe 

[0 0 3 6] Z<0^dtji^{^:&mtzt^<tiJ^)'>Am^¥^ 

3^^t^^t;^iv^Ttt, oa,-, ai, NJiii<tv-e®i£ 

fif©®tCiil^T, Gai-« Alx N©^55(i;£SS^5Ci: 
JBJ52tfci:&t:H:^«^OlRl±2iVSrf^Sffi®ffi®fb 50 
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^m^ziiifixn. ttz. l^-1f^-<:ir~\'^mmttz 

m^Ltzt^izitmim^oiSiJi^itfs^^ztifix^ 

[0 0 3 7] ^^iZttzs ffl«J®5tmi-5%^l*, 

ti. iaSN„,cm-^©v*^^iy'i7Atf»^cji,st*) 
AliMxA^O. 0 2ttJ:lfetTi:fe5JP3!fd, 
m0Gai-x Al« N^i^:&i:-rSpSi?7';/ h'^t 

AmSNb^, cm-\ JPii^d, SOf^ft^d, tOf^tzJik 

tbTfflV^S^^bS/'; -i^AS^ifi^Wt^-f T-fe5o 
[0 0 3 8] d. / (1600XX) <d3 <3.6 xlO-"x 
logN/ (x+0.02) +0.02 

ZZX\ Ncm-='a:v N„,>Nb.i N = N„.- 

Nb.i ^ NM.^Nb,, ©Jgis-, Nt±»ira©Gai-x A; 
1. Nt:j3lt5v5'"^S^r>A©7^!yi'i^^r>> Kv^;^ 

[0 0 3 9] Z(D^^i3imm^m\ftzZtiZii^, HSR 

^ 5 iznuo-t^^momtis^} ■> A^^^i^t^ig^ct-vv 

[0 0 4 0] Sf3?^6tm-r5%TO^ Jfc&St 

Sfeto©n^^M^OffetC. 1 0'"cm-H:i_hO^iJifiiKl 
WtStOMgifima^fltzn-AlQali^^^:/ KJgfcfe 

fi3A&Sfb:ify e^Aj^ifi^^ft^jtesa-efes, 

[004 1] ;:®J:5:fe^^&a;^^£^ltK:J;^)^ 

i',^y^mmm^nm^mt^Kt5\^x^^^H^^^ 

tb&o L/fciJoX, n-AlGaN^^y ^•Jg^Cii^^ 
Xi,-\'^IZ ^ =7 V^^^^m\X & 5 ^{b;tf y T> A3^i|£ 

[0 0 4 2] jfcK:, msi^7icm-rs%^i*, 
t. ^mizmvxm^^^rzJ^v77'mt. w&jikx. 

v:^^i^^'jmm^tz(i>fji<t% ljit^±®AlGa 
^Mt. ^iZi5:i^VX:i^\^'if^^>^'Jim^^-^Tz'Ptii 
<t^l ®®^|^ai¥titT®*^SG a Hmt^m^. 
'p-^<ti}l MUI±0 A 1 G a Nig0ii^©)KiBitfSte 
±tTfi£a*#fc±^t:^='f'>-^;i^;i®-&ltiS0©i|^^ 
W±fe.&»5S^b:tf U -^ASS^^lR^T-fcSo 
[0 0 4 33 c®<ta'Ec«Ja&TOfc^:i:t:J:»3, 
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to 0 4 4] c:titcj;»). ^}^^^->^ji^m^^mi-^ 
^5^^^3t^£A 1 GaNjgcDfe®i:t* 53hAs-tf#, 

[0 0 4 5] S^si:g?u■rg9:lte.n&-'^:'7TM 

[0 0 4 63 ifetc. #ifg^GaNM^3ct-pT^ 3^826555; 
^^^^ifiA 1 G a o ox- ^ S J©-&®#&^^jB:ll 
ASBkiRSnSo c:©t&^^GaNjgK:B:^&^^Jg[||t 
J;S£EfiSMa^ftf±bTl^SAS. GaNMA^^iSS-CJfe 
?)> ^fcs ^^^i:;TT*fes:ii:CJ;-DTx ^^Ga 

[0047] ^^,1;. ::cD#i^^GaNMH:, m^^v 
fifSt)afe^U mi?3&AlGaNM®fi£:^^qrtg&e,b 
[0 0 4 83 LfcifJ^T, l^AlilB^CDAlGaN^fe 

[0049] ±mhr:L^^m^-r^^mt ur 
[0 0503 (1) mmi^i^mt:^tTmiQ^m<^mRv' 

B583n^ A 1 G a Nmit^Mil^^ if KM^fe m 
IBtSI* t Hif f 3 ^ 'V ^ © F^fi<J* ^ > K ^ :/ 

[0 0 5 13 ( 2 ) SligBrSi^ii &tfetfmi^^5¥f*:0StF 
HlJSBnMAlGaNgtt-en-eni'^S' 40 

m^^mm.-r^ z. t xm^ ^ y km© a i sfijsK®?^^® 
[0 0 5 2] w %^WLm^u\:.mm^ntim^m 

SfcJ&OnS/^«4^©ffef;, 1 0"cm-H:;±®^jM^a 50 
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itS©M&i>s^Aa^nfcn-Al GaN^^y KiitS 
[0 0 5 3] ( 4 ) H0g3S|g±fc:TfiE:gS-a-fcg5ga^^? 

^^t^^r ©^jiip© #^jti± & t& «) s m^m. i ibs? 

©^<b:tf';e'A3^i|43?|*;|g^^, . 
[0 0 5 4] (5) Hug3^|g{C^UT^tr^:^i^^;b^ 

I Tr-S5±i3 (4) gBig©^<b:={/';^AM4t«^Sg^^„ 

[005 5] ( 6 ) gfgSTSfSMtt V -if^^ «rtgt;m 

^nx^*}^ Hui3nmi7^'y K^tlil 0"cm-H:J.± 

[00 5 6] ( 7 ) fi5ia^±t:T^S:g$-a-fci5gaifi^i 

[0 0 5 7] (8) Hul3S*gt^bTfig:g^-e-&^K^v7 

(7) l34S©SYb;ifye?Am^3lf*;sg^o 

[0 0 5 8] ( 9 ) HylBfSSMttU'-lf^^priEJcfllfie 
5^ Kg®m<t 5 *»^< U&iS^6 83^®M<b;(/U r> 
[005 9] (1 0) §yHafS*SMt±P— tf^MRltgfc:^ 

7 y h-®©A imo; 0 * < Lfcit^ 6 gasi® 

[0 0 6 0] CI 1) m[g3?Sf4Si:^^>7'y h-Mi:©^ 

^±§3 (9) ^m<Dmhis^)'^h,n^^mi^^%m.m.. 

[0 0 6 13 {l2)^±XZX^^^^tc=rL\^^^%, 

-^;^ig;£W-rs^lg;&^t^<b^i^£^|^^:^R^lcii^,'»•c^ 
a>'&< lMfei±©A 1 GaNM^Wt, C®A1G 
a N a ©MJ^ffl^glP ifSfy gB:^:- ^ ^ i> -^^ O^^0C9 

[0 0 6 2] HZ) mt^^^t.m\,XWc\-fi^fltLJ^v 
yrmts BUgB^kSOgBA.lGaN^^T-^KAlG 
aN^tl^UT^ ^LUts BiiiaAlGaNJicfifcafttt 
e>n&'J>J& < t ^, 1 ;i©gg^g^j.:XT©#e^G a Nig 
i:SW1-5±gB (12) g3l8©gSg&atr-fb-^*«<$; 

[0 0 6 33 (1 4) BogBJ^t^^^^-S^-^-^i/JgAigJ^hifeA* 

^&ss«±tsa;»^c>nTv^s±§B (i 2) i3e©^« 



(7) 
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[00 64] (1 5) H5l3SK**-y-77'^-¥T^5±g3 

(14) tmom^^tsit^^mt^m^. 

[0065] (16) m^AlGeilimoAimmifil 
0%W±T-S5±ia (1 2) - (1 5) ®3-fel5jnA*K 

[006 6] 

[0 0 6 7] 1f7T'f 7^ffi±tcmb;i/»;'>A^®®^ 

mm^tix^t), Ga.-x Ai, m(omm^n<i-?> 

[0 0 6 9] SUi^HfifiUfcx Gai-x Al, 

to 0 7 0] -CJSftx MgSrK-T'UfeAlGaNJS 
li, 7> K-yfeSV^ttS i K-7*©nSAl GaNi 

mi*m^SSfi&^U t;&3lEJ:0 2O%*^C,5O%:g 

Tttl X 1 0^'cm-'<p^ 2x 1 0"cm-'®8eBT-^ 

:fer>TV>:feV>**, Mg^^MK-rufc^tGaN. 
A 1 G a NOIgffi^ 7 ;i- a i'-As^ibt-S ^ i: A* e>%^ 

»^n5Mgii^;^ig, 2ife7C^^&3iV/N>;^ 

[ 0 0 7 1 ] E 1 \t^^m<Dmmo¥^moi^rBm^izm 
^^^^m^m^m^^mmom,^m^mx'^ho 

[ 0 0 7 2 ] EI 1 C±i^^T^ co^a&JS^fiSSSE 
tisv^TH:, 53eKOfl£gSS3 0 1 ©:*f;^«*An 3 0 
2A>€>jig^sj3tfp^sSt$&U 5tf;?eiUia3 0 3J;D3tf;^* 
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-b 3 0 4 it^mmanmm 3 o 5 j; -^xmm^ 

tl. 1t-fe7*^'3 0 4©iag(i, \^^mmO 6iC^-DX 

m^Rxrpim^tii. mma 0 i^t^^r^^ 3 0 4©± 

[0 0 7 3] C©<ta*:^fieo^ffi^^aM^Mt\ G 
ai-, Alx Nji®fflfi£i;J!^t^mgSU. ip^v 

10 ^^gbfc, c:©MMSE2S«3Cg^xt-. 

[0 0 7 4] 021*. ^^^*i">A£»U&S^Cii 
W-S. Gai-x Alx NMoMJ5£SVJSj?i:, ^'vs'i' 

[0 0 7 5] 1331*, a^$»L&®^K43{t5. G 
a.-x Al» NM©ffifiEfir;tJS;?i:x 

[0 0 7 6] ^iat::i3V>T, MAAs^^y^o^^L^^; 

■^AiSSttSx 1 C^l X 1 0" (cm-^) ©^fflrt 

^A*igffiUT*»3, ^K^s^©s^ii|£i±5xio»''-l- 
X 1 0'« (cm-») ©ffiai^KifeSo 
[0 0 7 7] v^^*'>'>A%L<tiM3R$StiD^nK, 

^^;i'SjgC-rc:fc*:<j5aKT-&SGa.-x Alx NJg 

30 E3 J:»>^||Ht:Rlf^©||«^3&*265c:t*stiiP5- 
[0 0 7 8] tit. 02, ia3Tl±?^t^mbJS:V>*s^ 
l^®l^?£$e,CffV\ -tCSS^&HSbfeilil^, 

«iM®St±::*;&.<s Ga,-x Alx Na®m®M®ff 

ci;:TV^-5TS&©Mi:v>5©a:, Ga,.. Al, NJgtc 
aiSggbTViSjgtCISti-rs Ga.-x Al, NBtC^b 

x^\z^^f.^^^^^mmx^^o htzifi^x. m 

©® KlttiKfiSm^fbOJS&^bTClCl-cai-rS G a 
40 i-x Alx N®i)S^(te)ns::i:*,feao 

[0 0 7 9] ^©J;-55Ec^75'i7W»m(*, fe©III- 

^i^-^A, M;R?f$»-fSi:ISfiS:©»*-?'Ji?gi*WJ 
" T-gf5iaSi:m©iSj«-e(i35:v^iPt%^t)n5o 
[0 0 8 0] TSfe-N©7Cl^»t. 
Ga,-x Alx iimo!7yvi7^^^^%ifi^^z:h^ 
MHibfc- 

[0 0 8 1] ^l^tCGa.-. Al. N^^In 

i-x Gax N (G^x^l) i:©gg^t;i^T^zi?<*5K 
50 ^Sf^jSE-rSffi^ttt, Ga,-x Alx N©Alfflfi£x 



(8) 
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9 - 2 9 3 9 3 5 



10 0 8 2] ^n^<Dmmmm^lSt'^L, 

[0 0 8 3] ■^■7T^T^^(D±{zmmmm^ift'i.xm 

^ib-rsi:, ^^GaN±t;fi£:g-r5Ga,-, Al, N 

E 1 tC^I-SE&fflV-*, TSbOTGaN^ffj^SS'^^^b 
S#fc±t:Gai-x Alx NM®x:feAtf^ (J5E:gNF 20 

[0 0 8 4] im^S^. Ga,-. Al« UMifiEUX 

^^•b^^mmx-^-ox. ts^^M&m^fmmm^v:.^ 

[0 0 8 5] xAspibGa,_. Al, Njf©®^, Ga 

i-x Ai. N®Asm^i:^K^^Me?0a^^Ml^^^c:J: 

d, /I 6 0 0<xd3 (0. 
^SD^ Ga.-, Alx Nig©J?fl^*AsfesajgjL:^±-C-fe 30 

ix^. ±t^'r:<D^^^m±x^^. M^aijctt, ia4'- 
S6t^^ns.tatc§iS^x(ciiv^T (1) ^c;^;?^•r 

[0 0 9 0] ^(Dmm^it. moGaNd&SV^tiGa 
i-x Al« N^®^AD^$iStJ@^«v\H:^DMC{±^^ 

[0 0 9 1]»:tc, ^^'y^co^^i:m^OgH^^ov^ 

f^m^^mmi.fz.i^m. stbMT•i^^^t-s^:lN^^;a<^ 

[0 0 9 2] Vi5^^i^e'A^5V%(iS^^^n-r 
DTfeSA*, TSbcDGaNtJJ{C*i(t5Gai-x Alx N 

■T'&fo-^TifetOGaNttitGai-, Alx NtftCI^II 
S&V^TV^Si:^^ac:4:T-fe*o ISoT. Ga,-, Alx 50 



14 



^ecu :?^i^^?o$&^b^^©sgsfcUTa&<<. L 
feA^oT. :g^^fb'^fpi(tfc^f^aS^i:bTa:, 

J& ^ T I* ?5c e> ^ t ^ CO T- 5 a *ij Bf L o 
CO 0 8 63 J:imm<Dmm. x^I:^§^^ (A10^in 

m-^izit. mmizitmLx±m:fK(D^^ifi^^iz 

^fe©GaNi:ffl;¥^®ltAsi^UT-*)±a3?^©|B*fflBgj^ 

[0 0 8 7] S4tt. GaAlNJgCOiP^jRiycAim 
tGaNjg®;p^i:Oiie^&iax^igf^»), G 
a A 1 NMOff^^trA 1 m^t G a N@©J?^ t(oB| 
0^t:^-r^X^^. ^fe, laett, GaAlN®®^^ 

2iVA 1 «afiKi: G a NMojp? t ogg^^^t-s-efe 

[0 0 8 8] E4-06©^|^^St,4:t7-/ 
m-r^. -rut>%. Ga>-x AIx NJiAsg^-e^ffliP 

^*i&di ium) V Gai-x Al« NJg(Z);¥o^*$d 
2 (/zm) iilxfct^t. A:iT®ll0^*sfe$ctAifcA^ 

[0 0 8 9] 
02^x^1) ... (1) 

mm.x^^ ^m^^^ifiwimx n 5 „ 

[0 0 9 3] —15. Tflk©GaNcp®:?Jtfgt^^Mi^a 
Ga,-x Al.NiJi®:^$ifi4&iJtg, 

'Ga.-x Alx N©i^^i:^<bASM 

[0 0 9 4] 07H:v*^;^i^e;AS^nUTf^fiELfciS 
*4f::*j(tS, Ga,-x Al. NMoSJEKSUfJ^t, 

^ ^^^^^^o^m^^TPi-rMx^^. 
[00 95] m^<D^^^u^ i:.mn&<DW^ 

1 0" (cm-O ©^^©i^^^^^^oT, Sfcl^ig 
S©HfeS^l^iSM^£MilDUTa/7^Ufc*,©-Cfe5- & 
*>\ ^J*L3!)Si'^5'i?©^3feL35:iPofc|iCJi4T3&D. S^ti 
(* ^ 6^3^5^m6S^tc J: D S» e> nfca^SS^-To 
[0 0 9 6] ^0Oi^MJ:t)^5'i'-^©%^u=S:v>lfef^ 
^St^fb^So Gai-x Alx Ntc:^^^^'>'>A*s^D 

fel^Ga,-, Al« NJKiPd, **Sfc?nSCi:A*|5lia 



<9) #Ba¥9-2 93 9 3 5 

15 16 

ma^^<&lifi^i^^iy^l^0i^-^. Gai-x ^i, NcfJ* f^'^V^W^AmStUbEi- (cm"') i:CDB|0^T^ 
da <3.6 xlO-^x logN/ (xxO.02) +0.0Z - (2) 

[0 0 9 8) mmit. m^(^m^mam<DU.m'^tsm 



An©Gai-x Alx N (0. .0 2^x^ 1) (D^iT^i^ 
±g3 (2) ;^A^^!)j^t3::i:«^^nTViSo mf^m 
(dj =3.6 xlO-^x logN/ (xxO.02) +0,02) t 

[0 0 9 7] -;tr, @8t±. S^§^SJDbTf^^bfe|«i§J 

ds <3.2 xlQ-^xlog N' / (x+0.02) +0.02 



20 



30 



[0 09 9] Plkoe^i5^7yircD^^L3&l^^f^ 

Jg^ca:, Gai-x Al. NipfflSSgitSN.t (c 
m-') Tflfe®GaN*©SSSiaSNi.., (cm"') 

- (3) 

★i-x Al« NJg©J?*i:, Gai-«A1« N^SVm 

[0 1 01] i^±^*fcto5i:, i£itMS?S0J|^|^ 

^•rSfctoCGa.-x Alx N^da ©IBffltt, 
^t^^AmaOi^^ (1) SCSV (2) SCift, Ga' 

Alx NttJ©^'^^J^^✓e'A^tSNN. (cm-0 fcT 
fl&©GaNfpfflv^^^i'C>AiiSNi.,, (cm-*)' iiffi 

[0 10 2] 



T-feS» N' (cm-0 it. N.i>Nb,a 

N' =N„-Nb., . N.igNb.a N' M 

»0Gai-, Alx N (0. 0 2^x^ 1) (Om^O 

E3ti;(t5^S^^CDS^-et.±ia (3) 
J6E^)J£^c:i:«^^n■C^<^5„ mfi^.tti. Gai-x 
Alx Nsfi®^^N.i®:*:t^t|£ibT!aFtJt;i3^$ 
h^y^^yy'-l^ify^^ (d, =3.2 xlQ-'xlog 
N' / (x+0.02) +0.02) iimU^^^ XDWi^m 

[0 1 0 0] C:OJ:"5C> i'^v^cDjg^ds^^SGa^ 

di / (1600XX) <d, <3.6 xlQ-'x logN/ (x+0.02) +0.02 

- (4) 

ZZX% N (cm-=') i±. N„.>Nb,i 0^^, N = N j^^SU^ (3) 2CJ;»3, Ga,-x Alx NtfJ^^I^^N 
ii.-Nb,i V NH.^Nh.i NH:SSiSjitl©Ga .i (cm"') i:,.TJfe®GaNct»0SSgiaeNb,a (c 

i-x Alx N (0. 02^x^1) ©^i'^i/'^ACA m~') fcCBI^^Tf, aT©SC©i5HK:^fenl^S^^»A^^D 

[0103] -t. mu^m^n'mmoi&'^i^tt (d^ [oio4] 

di / (leOOxx) <da <3,2 xlO"'x logN' / (x+0.02) +0.02 

- (5) 

■^A^DCGat-x Alx N (0. 02^x^1) jg® 

mmNn^ts steK:gttjEjgufcSfb#';'>A$±^i^ 

t(Dm0^ifi (4) ^^mtzLXi^ni£. "Koy^UifiU^ 

[0 1 0 7] *«W0§ISSOJ&-^t:e^5i|i®ff5g 
60 ^^t<J;nKv Ga.-x Alx Nfe^^t-T^JiS^tF 



c:;:t-. N' (cm-') a:, N.i>Nb,3 (Z>m-^. N' 

= N,i-Nb.a . N.i^Nb.s ©S^, N' (±Mffl© 
Gai-x Alx N (0. 02^x^1) ©S^©;^y^ 
^^^^7> h'\y^}lX-$>^o 

[0 10 5] 35:i\ ±§B^3C:t^^^" <" SfflV^T^ 

[0 10 6] z<Dx^ic:$i^m<Dmm<oMmiz^zi^m 

i^m^iZ^tiU. Ga,-x Alx N&ifiSi^t-rSJSS 
^tf§^t:^f'Jr>A^*^^«^S®»!igt;:^iV^■c, vi^*'> 



(10) 
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Aix NMiDm^da (um) m^xtmu 

^'A&^fiK^i:-rs¥ife^ig®3S^iiaNb«2 (c 
m-0 t^gie^j&s (5) 3E:^^*:UTV^nl^. 5^(Z)^^4E 

[0 1 0 8} C^.t'SlC.^^^^golliStOj^SltC^^Sili^ 
i^^=FiZXtlt£. Ga.-x Alx N®ii<t?fi£^CDJilC 

[0109] (^1 <Dmm<Dmm) ^mm(ommx-it. 

±g2MaiSnfc (4) iCSWXH: (5) SCSffife-TSfef**^ 

fee ^jfei^-f Hiiia 1 izmvtzmw^^mMu 
[0 1 1 oj E9, SI ost^Eii :^^m<Dmi 
to 1 1 13 laa®^fi2:^^gc:^3v^T, :iS7.mxa 

3 0 2 3EPe>;!k|g$et*&L&tf ?)igJ^^DSSV^g3 0 5C: 
SS^Kft&b. t?-fer^ 3 0 4®±fc@V%feSS3 0 
7, t■«:fo*)Ia9tc^;(tS-t^77•'f 7'aitR4 0 1 £AnJSi 
U SftS^3 0 6©a^AJl 2 0 0"CfZ3&:5 j:^i;^2i 

0^^i#tTiP?,mig&6 0 0*C*T-T 

tBSfS) i: h Up«^;i'7';i^5^«>A (JitTTMA4:IB& 

Alo.i N/^y':7r— g4 0 2iZ)J^^$3 0 nmfro 
fco TMGtTMACSJ&S^JhU MfSl 

2 0 0'C{C^±#^-&fe<, 

[0 1 1 23 ifel^^-r, 2^^X-^Si{,tzi^^>iS7.tTM 
G®e^$&&^ifgb. S^^iacOnMGaNJf 4 0 3^4 

U JaS£8 0 O-CtX'Tif. S^LT*»e>TMGi:T 
MI$et$&L. 4»5 llSfi£ffljgUfcTMG4:TMI(Z)^ 
-f >^m\^^X^Pm I no. .sGac. 8«NZitf^SM I n 
o. ofiGao. beNCD2 O'^T'A^^^-S^Sfi^^P (MQ 
W) «BrSM4 0 4*f^J5gb&„ TMlCDet|&&f#It 
UT*»€.Mjg£ 12 0 CCtd^U SSbfcmT-lf;^'> 

■rs) tTMA^iiAoetii&bTv^^s/e^A^acp^ 



?^gil¥9-2 9 3 9 3 5 
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Gao. BsA lo. j6Nii4 0 55&0. 3 //mfi£:^^c-y-fc, 
[0 113] MV^T. TMA®^i^&f^±bT-e©^* 
v^^'>e;A»©p^GaNjg4 0 65 l/«mJ5R^$ 

7&O. 0 5/zmfig^$-&fc, 
[0 1 1 4] TMGt>5>:3tf;^®e^$&Sf^± 

8 5 0'C^X'ri}^^tit;i^X'T>^^TOmi^^i^it 
10 Ufco 

[0 1 1 53 ^sg^3 0 iipe.^i)taufc»>ji— A$ 

[0 116] m±©J;^KUT^#e)^^fe'>3lW^©:^® 
^& SjSS *4 > ^ > ^ <t o T T^''-^ 5^ -i? A ?® ApcD 
20 pSGaNg4 0 e^T^go&o 

[0 117] jfet^, mmn^mmmmmizi.'oxm^v 

Tzmmmif^^nrnG a NM 4 O 3 ©SESifcSt: UT 

e^oiw^©— gS§^l3g^jDCDnM®GaN®4 0 3ST* 

[0 1 1 8} ifet. igi l^c^t-J:■5^::^ nSKDTit 
Al®^^®mfil4 0 8iJit5pMcDffii9i:Au©^ 

©^€14 0 9;£j^j5gu&o ^i^mm^ntsi-^zt.^< 
[0 119] ^±<D^^izLxi^mvrcmy6^^:t-}^ 

TflfeOGaN®4 0 3ti4/£inCDJPi5*Ai3&S, Ga 
i-x Alx N^4 0 5{±-^^;*.i^e7A»-e, xjgtt 
0. 15. ^ttO. 3>umT-feSo Sfc. 2??:^:^:/ 

(4) ^tZiiltSNM^Iil. 2x1 O^'cm-'T-^So 
Nb,i t*/^y5'^r5'>> KV'<;u (1 . 0 X 1 0*«cm 

40 4/ (1 6 0 0 X 0. 1 5) =0. 0 

1 6 7i:&»)v ©fltO. 3STIi^TVi5o 
[0120] (4) ^i)^e>i'^^^i>©^5fe^fm, N„. 
>Nbci fd&aOT> Ntt, 1. 2X10"-1. Ox 
10"-=«*J1. 2xlO»'-CSDx 3. 6X10-»X 
ClogCl. 2x10*') ]/(0. 15 + 0. 0 
2) + 0. 02 = 0. 42i:)5:»3, d, ©flSO. 3liC 

[0 12 1] C(Z)J:-5tCi%:^4^14^ag^ufci:^ 
5, ?B?t^gOfcr— 5'(44 2 OnmT-SO, 3. 6Vh 
50 V^5iEl^mffiT-2 OmAfllilSi^$5-rc:i::A*T-g;&„ ^ 
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[0 12 2] ;i©i5tc*|gS©|IJficDJg^t:^S^«| 

<*:%jfc^?ic<fcn(ix (4) s:o^f4^A*^i-raj;^f3 

So 

[0123] (^2 <omm>jm) immmM-ti i±. 

[012 4] 012, 1213, S14SOT15t±> * 

[ 0 1 2 5 IE 1 ®^ta^^st3*iv^*t, is-:mxn 20 
3 0 iis^him-^mtxMn^-unmm^wz 0 stc 
ass^^itsu •y-fey^'3 0 4©±tei^feSffi, t-fe 

iSEjbsi 2 00*0 id ti^Ebfc, C®tt8ST?10 

^^^bTip^MS&eoo'CS-ew, s^ufefcc: 

®5 0 20ja£M$4 Ohmfrofco TMG 

®iftte*»±u. 1 2 0 o*C(;:|f±#S'a-fe„ 
[0 12 6] i5;viT-> 7klRT*4&«?bfei'^>'*>^i:TM 
G®mS&^^i!&U aS^«©n^GaNS5 0 3<£4 30 
>umfigM$-e-&o -e©^. TMASiginet«&U nM© 

^j^©GaNS5 0 5^0. 1 /zmj5g;g$-y-&, 
TMG. '>^>©«^*&&i?ihU iaeSrSOO-C^fT 
tf, S^bTipP,tMG$#tJ&U »ilJiGaN£4n 

#PMln(,.i6Gao.B>N§2nmJse:g$-&£, z.aM 
Migi:#PM£8iOjgU2 0I5lJse:g1-S-fc-C^SS^ 
#P CMQW) ^3iTSi4^5 0 6!£f^JS£Ofc, TMI© 40 
^*&*f^JtOT*»e.iSffi!& 1 2 0 O-CJCMU S^bfc 
mtCp, Mg£iiioe^*&U pSGaN5 07$0. 
l/imj^^^-a-fe, 

[0 12 7] iJ;fcTMA§igJDSf&tT-7i^^i^'>A^ 
;tlQ©pMGac.agAlo.iENM&08$0. 3/zmJ5&g 
^F-e-fc, m^T^ TMA©WJ&Sf?JtU-r-t©S*?i^ 
^J^e-A^nOpSGaNMS 0 9 & 1 AmfiS^$-& 

[0 1 2 83 TMGfcCp, MgCWiS&^f^ih 

U ^;^id:J!in?fftKS3 0 5^©3iS$*?±U*:. MSA* 50 



) 1t^¥9-2 9 3 9 3 5 
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8 5 0*CtT-TA*cfci:c:5T-7'>tn7'©fitS&Sf^jt 

[0 12 9] JfetC®fMT?l«^^CiTDTitSb& 
gS®)!pf. nSG a N0 5 0 3 *T-®ffiiKS^C LT:n 

3 C^l" J: -5 1:: '>^-A®-gp$a|g^D©nmG a N 
ii5 0 3S-C*E^&, 

[0 13 0] MV^r, ^ H5 1 1 fe^MTiagtft 

tC. ^'J^--'\:^&g!l!)p-GaNoa®§g£H^>-e-fc 

(014). Jeo±c:si0a K5 i 2$v:;;^cm^ 
asje»©nSGaNM5 0 sj-raofe (lai 5) «• 

[0 13 1] c:©ttS|fT iStfAlO-g^OnSSfii 

^BjSiU siOa ^5 1 2&as^^)|^v^TA»^.Ni2fe^;t 

[0 13 2] ti±oj:at::LrftfiSLfcV-1f4^-f:*-- 
Kti, m©GaNg5 0 3ii4/im©^5!i*sfet), G 
a,-x Alx NM5 0 8(±x'^^:^^i^r>A^DTf, xti 
0. 15. MJ?tt0. 3jtzmT-a&So Tfl&OG 
aNJg5 0 3aGa.-x A l,Nig5 0 8 i:©BI0^-C 
(4) ^AiiiSffl$ix5« 2ifc'f;*>«^*fKJ:S?5^ 
^i'-^AiiSfflag^igSii^e, N«,(il. 2xl0»'c 
m-'T-feD. Nb,^ (1. 0 

XI 0'"cin-') ffeofcc ^ 
[0 13 3] Ufc*J^T. ;^aMS^mm-CMe)n5 
(4) ^©?^®^*fe^f^li, 4/(1 6 0 0x0.:! 
5)=0. 0167^)5:?). d=©MO. 3&TEI-oT 
V\So N„^>Nb.i T-fe5©T-. N*±l. 2x1 

0»»-l. OxlO"=**Jl. 2xl0"T-fe>)v 
(4) SCCi'^yi'C^^lfef^^lia . 6xlO-'xCl 
og(l. 2x10") ]/(0. 15+0. 02) + 
0. 0 2 = 0. 42i:*:0. d> ©iSO. 3{±c:nj;!3 

[0 13 4] Sfe. TS6©GaNM5 0 3(i4/zm©ig 
Ga,-, Alx N®5 0 4ttasS^D*C. x 
®l±0. 1 5, JKJ?tt0. Sjum-CfeSo TJS 
©GaN)g5 0 3i:Gai-, Al« NM504t©BI^ 
(5) 2»:^5^>Hfi^SftCJ:5S 

ssag©ai^ss3E)»e. N.,(i3. exio'^cm-'r- 

fe&x Nh.s tiMvi?^^^»>Kt"^;i' (3. QxlO 
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"cm-') •C^.^to 

10 13 5] ^^mm^mmmx'M.^n^ 

(5) ^CDJ^CDBS^f^tt, 4/(1 6 0 0x0. 1 
5) = 0. 0 167 tti:*), da CDfitO. 3 ^TE-dT 
l^So Sfc. N.i>Nb.2 T*a&5(DTs N*i3. 6X1 
0'^-3. 0X10"=3. 3x 1 0^"ffet)^ (5) 
^<0i^^^:;^eD^^^i^^3. 2x10 "'x [log 

(3. 3x 1 0'«) ] / (0. 15 + 0. 0 2) + 0. 
0 2 = 0. 3 7i;^5:^3^ dsWlltO. 3(i::nj; ^3^£^r^ 

[0 13 6] ^©ct^CbTf^MUfeSfelx— tf^r>f:^ 

tftt, 5. ov®mffTT-7 smAcD^aSASiiitn, mm 
CO 1 3 73 ikvz, zco^mx'imx'W^^mnv. ^ 

^t*±?ST- 2 0 O0T-*r3feAi^ 10 0 O^f^CD^^S: 
^bfcSR^iil 3 2fliT-&ofeo 
[0 13 8] *^H^®:^i^£^Vl)B:v^:©^H:ltfe 

iiisg«^-rssg?H:i®:eit-e&^&* c<dv— if 
[0 13 9] ^(oj:vi=.^^m<Dmm<DmiSiicm^^^m' 

i^^=f-VzXfli£. (4) (5) ^(om^ifi^tL-r 

[0140] 3 (omm<Dmm> :^^ojmx\A.. 
Jiga^ffl^nfe (4) scstfjiti (5) ic*ssf&-r^f4^ 

[O141]016.E117.|gIl S^tfEl 9ti. 3^ 

[0 1 4 2] 01 6ti5l\T. ■y-77''l'7'Stg6 0 1± 40 
T-fDGaN-'^y/^r— Jg6 0 2iipe»p^GaNg 6 0 9 

i:I^DT-&5o pSGaNii6 0 9lfeJ5E:gUfc^tCCp 

0. 2JLLm^^■^^ttz^ 

[0 14 3] -e®^^ TMGi:i'^>5!?;^®fit$*^£f|sjt 

8 5 O*C*TT**ofct:::5tf7'>t-7'O0fcit&&f?it 
[0 1 4 4] fiE:ggg3 0 l*»P,lSlDaiUfe'>:ii--'%^ 50 



^12) i^^¥9- 2 9 3 9 3 5 
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[0 1 4 5] JfetB?rMm^Siimiaigt<fc^T(t^Lfc 
^^®A^f,pSGaNM6 0 g^TCDgggi^SEztTJi- 
10 m\i^fzR^s^^:^>=!^v^i.if\cX^X^3L~j\(o~^ 

feS^l^DO p M G a NJi 6 0 9 S T*g -3 & (EI 1 
7) o 

[0 14 6] m^^x. wm.m,^nmz o icDtf'cc:©^? 

7'>«7'if^^ML«:3&if>SS£l 2 
0 0-C*T±{ffc* 1 2 00'C{c^Ufci:C5T-TMG 

i:Cpj Us<om^^mP^\^. P-GaN61 1^1^ 

oe*s&£f^itu js;^«L&D?!asg3 0 5'v®it^sf^it 

bfco i&SASB 5 0'CST-TAs-o&iiCi:5TT>*::i7- 
20 Offii|&^i?±Ufc. 

[0 14 7])fe{C, S iOa i^e 1 2§v>li?tcffiV^fc 

»OnSGaN;i6 0 3ST-i!®-:jfc (I§I1 9) , 
[0 1 4 8 J ^<D-^mXTim(D1 i i: A 1 co-S^CDm^ 
*il5^U SiOa 6 1 2i£®t!3B§?viT3ti»e»pM©Ni 

i::&<nM^ pM^t^ca^^&:4--AS^$||^bT^^ 

CO 1 4 9] fe^±®J:^^cLTf^JE£Ufc^-^f-^^^'2^ 
30 -Ktt, T«fe©GaNJi6 0 3tt4>umCD^5>A**t). 
Gai-x Alx NM6 0 8a:x'i/-^'>^.A^AD-^, xilt 
(40. 15.j^(±0. 3Am-Cfe5o 
GaNJi6 0 3i:Gai-x Alx NJi6 0 8 i:®lie^tf 

(4) iC6*jgffl^n«o 2^te>f2^>Hg^SftJ:av4^' 

^i^t?KmSL<om^m^if^^. (4)iC©NM.ttl. 2 
X 1 0^"cm-*T^D^ Nb,. (i-'^'ye'^5'>> Kl/^ 
;i/(l. 0xio^"cm-^)7?^ofc,. 

CO 1 5 0] bfc3E>s^T, ^^m.n=^mMmx%i^ni 

(4) ^0?t®^ilfefif:H:. 4/(1 6 0 0x0. 1 
5) =0. 0 16 7i:3fe!3. d:. ©fgO. 3<£TIoi-oT 
V^5o Jfc. N„,>Nb„ TS5©T^ Nt± 1 . 2x1 
0"-l. Ox 1 0>«-ea&?), (4) ^©i?^y;i^®|RS 
^^f^li 3. 6xl0-'x[log(l. 2X1 
0")]/(0. 15 + 0. 02) + 0. 02 = 0. 4 
2i:J&D^ ©fgO. 3t4cnj;!)igl^c:i:A*«tS;T 

CO 1 5 1] ™©GaNja6 0 3 0:4//m©;s 

t)x Ga.-» Al, NM604 {iM^^m^X. x 
IHttO.- 15, mmitO, 3//mT*fe«o Tflfe 
©GaN®6 03i:Ga,-x Al, NJi604fc©KgS 



(13) 
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T- (5) ^i^iSffi^nSc 2»:^':^>MS^Wt 

mmsKDm^f^Mt^^. (5)^©N„{i3. exio 

(3. Ox 1 0"cm-') 

CO 1 5 2) Lfc*i^r, ;^SS®?IS8a^TMe.tiS 
(5) SCcDJtO^Smim. 4/(1 6 0 0x0. 1 
5) =0. O167i:*:0. da ©fltfeO. 3TEIoT 
V>5, N.i>Nh,a fi&S®-?:, N(±3. 6x1 

0"-3. Ox 1 0"T*S?), (5) 
i^fef^liS. 2xl0-='x [log (3, 3X1 
0"')]/(0. 15 + 0. 02) +0. 02=*tiO. 
37i:S;^)^ da ©fiiO. 3«:cnJ:!3®v^rtiili^ 

CO 1 5 33 ::®J:^(yLTf^®iUfeWfeU-1f4^-f;*- 

fiiTfet)^ ^fc^^^m2©|^©B)g®l/—^fSE^tJ^ 

<$^?HJ;nif. (4) SISV (5) ^©lfef4^A5fi£i-r 

10 1 5 53 im4<Dmm<DBm) ±iB«iip?,B3© 
3ififiojBffi©^n-enia9. lai 22^^01 e-cs^Lfc 

ffiiS©!^. /^y7r-®40 2/5 0 2/60 2tnm 
OaN® 4 0 3/6 0 3/6 0 3 fcOP^tcJfiJgSnG aN 

[0 15 6'] ^©ie:S. :fe*<p:te^^^^c^i^^i:^^^i^# 
CO 1 5 73 z<DX'5i:i^^m<o^(ow^m\^m^^m 

[0 1 5 83 ti^oT. »SnGaNJf 5£*^tfCttti^«St 
[0 1 593 cntT5E-<T§&^lipP>^3©^^ 

»ciEc,n5t.©T-^<. ±t^m-^tm^i:x±o^-A^ 
[0,1 6 03 miip^m3<D^mm<oBmi^ti^^ 

Ttt, (4) SCavxtt (5) 3C©lfef'|iSffi3fc^^K:^ 
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st57^©^4B§ibA^sm^n5^{b:tf y '>j^m<D^mi^ 

TO®g^5ajB£b«:l^®ffl-^a'5'©^?tCi£;ffl-e&S, 
tzh^it. j£vvt> K:^-^ ^'T'S^JffiUfc 1 GH ztl± 

[0 1 6 1 3 (g5©||ffl©ii5S) *^®®SSH:. V- 
7T-f•^^i:^©SS±^c^fi^$nfc:^'f h^-f Ki^^iiS 

10 ii^m^iCiSh^X^ Si F-7'AlGaNi5'7-y KM^fcJF 
Mg K-rAlGaNi'^';' h-@©;p^Slig-^5, C 

1^— tf©^teSbaii)igfr^tcsg®$#-?.5Ci: 
^^<. MgK-r©:^^ti'^yi^3&siipfmn53»«& 

*'j^-r^*)©-efea. 

CO 1 6 23 ^ftflfjtcB:. MgK-7-JSAlGaNS© 

tSSItfcile^-f Kii©J?$. m^^^^y YM^mt 
ift^i^^mmBmiEtZ J; a tc:KS-?-5&ir©x^fe 
20 -r5*)©T?fe5o 

to 1 6 33 E2 0(i*^R§©^5©||jS©Bfi§MS 

10.16 4} ^mimm±t^XMOCVD (;t«fcfeJB 

[0 1 6 53 c©w&i|i^|;{4;u— tf^g^z^^v^T^±. -y- 

^T-ri'Stel 0 l±t, iSMjESa (5 5 OV) ©Ga 
N^^y77'-S102 (M;P0, 03/zm) ifi^if^ 

tis -ecits^c, iisig (1 ioo*c) xm^vtzn 

-GaN3>^i? hjgl 0 3 (S i H-:?'. 5x 1 0'" 
30 Gm-\ Sum) . Ni/AuipP>:Q:Snifflm«il 0 
4^ n-Alo.isGao.aeN^^y F®1 05 (S i K 
-T-, SxlC'cm-N 0. 2 5/zm) , #Sg^# 
P«ig (MQW) SV3fc;tf-f h'JSS^JSliJifPl 0 6 

[0 16 6] c:©S5t$aSfii 1 0 6l±. 122 1C^U<S^ 
■rj;-5JC^ mSO. l/im©GaN](pe,S:53iS:tf-f 
106a, 106b^;fr5o ^fcv ^©#PJga;3n 
mj?©l no. leGaa. b^N 3MA^?)'5; !3 ^ vt'J VigtiJ? 
^ 5 nm® I no. o.Gao. >.NA>e.^^$n5, 

40 [0 1 6 73 «fi#^^«:^-ifsst^iv^T(*^ mm 

SBl 0 6±t:p-Alo. isGao. BsNi'^v KM 10 7 
(MgH-T*. 5xl0"cm-% 0. 35^m)iii|a 

ltf.n. a>e>tp-GaNS^^ffl^+y:^iil 0 8. 
(Mg 5x 1 0"cm-\ 0. 3/im) ^ p- 

GaNnv^'i' hMl 0 9 (MgH-7'^ 8xlO'"c 



m' 



0. SMta) . p* -Ga 



1 10 (MgK-r. 2xl0"cm-\ 0. 1/i 
m) ^ n-Ino.a Gao.e N 5 TO^^ii 1 1 
1 (SiK-r, 5xl0^'»cm-\ 0. 25Ain), 



50 . pm^l 1 23E>JgS:lt&nTl>S, 
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[0 16 8] tJi^VyT^T^mi^ (000 1) cM& 

So 

[0.1 6 93 tie5|5^J^&T*xB'^cta(c. iSAim®Al 
G a Nig t tiA^fl$t^® V '.y i'i&iaa&T^ U-?'■rv^o 

[0 1 7 03 ±IHl.fc<tac. ^W#^B:Mg& 

K-rrU&Al GaNMtf5'>K-7'SSV^H;S i b*- 
7*® A 1 G a N i 0 < ^ ^ Sr^^f S ^: t 
*;<fiES7?&S3i:;feMV^£±ib&a C®J;5t;AlGa 
NJgS 2 0 e, 5 0 %^JPSJ¥< t-s c: As-C & 511 

fcLfcf 5!y^'-^'5^(D^^L/^:^^|femi±Hg (1) ^ 
(5) SCCjg^Ufc^fJT&So 
CO 1 7 13 S2 Ofc^-rv—tfMgfi, ::cDMgt.t 

(4) iCJav (5) ^C<0^f^<£^fc-r*>®Tfe5o 
[0 1 7 23 02 Itt, *^ffl3^jg©U— tf©n-A 
1 GaNi?-^ «y K®, ?S*4Jigp^^Vp-A 1 GaNi'v 

[0 1 7 33 i'^y^'©^^b-?'-r(r-»S i-Al GaN 
JilOSliO. 25/zmi:^<L, ptJCDi'^yKjgT 
feSMg-A 1 GaN® 1 0 TiiO. 35>uma:J^<L 

h* ^ b i: tt^fe 5 ^ U ^ V ^fg® tiAn 

5fely35l^^o MtTMg-AlGaN^l 0 74,0. 25m 

to 1 7 43 *^©JBSgiCJtiV>Tf^®iSn&U-1f 
l±, b^l^figS 5mAT*^Jg5SSS^mbfco ^tSSSti 
4 15nm. S&f^SffitiS Vfj&^fc, ^2 0f;*JV\T 
mSfitJK^® 1 i lH:nMOInGaNfefflV^Ti^»)^ ^ - 

X-hO. X h^-f 7■|ai44//mt:^tTV^5» InG 
aN®(±®ai7 0 0-9 0 0'C©ffiHT-JES:g^-&, p- 
G a N ^ rjg 1 0 8 ffl±lc: S i O a 35: ir® 

nmm^mi i ism^r-s^icsi;? 

Jll 0 9*)S iOa v:^i'^StDB*V\fc^, SfE^Tfifi 
^bTi^t)^ nV^'i'hfflCp* -GaNSit^3>^ 

1 1 0ttMg®iiS£1^t:ia< bfe» 5 
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[0 1 7 53 ^®J:ofc:^^B^®|^Sg®ff^^^t^^Si(i^? 

^©^ADSSV^Ji® $ ^m^lfef^ Jfe 5 J; -5 1 H 
^bfc®T% ^'7y;i?;&^S$-B-5^i:^<, i^Aliga 
fig®AlGaNM&^^.y h^m^Lr-r-i h^-f Ki^ift 

10 [0 1 7 63 m6Q:>mm<Dmm) :^mmor)mmit. 

S i h' — rA 1 GaNi?^5; K^s^f 
MgK-7'AlGaNi'^y KM®«afig&i^^t--So ^ 

=5:<^ MgK- 7'®^-g-ti'5yi7AiffliM^nsS&S§ 

[0 1 7 73 l-JEcfct). Mg K-rJSAlGaNM®A 
lffl^S*nMfc5V>tt7'> K— T-^OAlGaN^OA 

i«afi£j:ot;^<-r5o ^®i«, SfSgt^i^^vKM 

[ 0 1 7 8 3 1^ 2 2 fi;*c^W®^ 6 ®im®Jg,^{c#t) 

[0 1 7 93 L'-tf«)ti:bTaia2 0(z5^-r«jg&^ 
V^TV^5o *^®JI5J^TiS i' ^ ^'®^ib^-rv> S . 
i-AlGaN®Al«&fiE^ 1 0%k:®< bTVvSo n 
<H!l®^5y KMT-^SS i-AlGaNM 1 0 5®ip$ 
30 ti, PM®Mg-Al GaNM 1 0 7®m^i:I^l;0. 
3 5/zmtbfc. (4) ^RXJ' (5) ^®|fe(« 

[0 1 8 03 ^<om.^'^t)'&Xir^^y'^itm^VX\.^tj^ 
V^o *fc-®S^t»3te©^®t-Ktc^bT^^*fflii:!5: 
5AS;*;§^b^v^ft®JiADl±^^b/d;v.o *|I5S©^.^ 
^::^JV^•Cf^®^^nfe^— tfii, b^l^fg7 5mAT-^iS 
SJ^^^bfco ^tES£:gH:4 1 5nm. a&f^MHtiS. 

[0 18 13 c:®<t-5C>*K^^©||SS®B^c::e^s^l? 

[0 1 8 23 (^7 <Dmm(DBm) :$^mm<Dmmit. it 

0 *iJfflrS4i®7?fe5o 



(15) 
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[0 18 33 i-fJ^t>-^. MgH-7*/gAlGa 
i?$nSfe5V^I±7'V K-rMOA 1 GaN/i©Jil5J: 

[0 1 8 4] 132 3(i;^c^TOB7®||ii60B,^t^t) 

CO 1 8 5] 5'7y^0^iL-?>-rv^S i-AlGaN 
JglOSttO. 2 5>umfc^<U, pfi!)®i'5 K®T* 
feSMg-AlGaNBl 07ii0. 35^mi:J?<b 
T V ^ 5 © ti ^ 5 ® ||iS©Jg,^ 1^ b J& S o 

(0 18 6) ^ccm^'^-YKmLx^mmt^^^^ 

^ia2 3(::n^-rJ:5K. ffiti/SS51 0 6CDn«atttD. 
lAm0>fc;tf'r h■M10 6afe|ft(^TV^S*^^ pmifi 
gMg-AlGaNAiMQWK:g!UTV\S. nffiSi'^s; 
KB 1 0 5&»< Ufe&4!)fCn-GaNJi 1 0 3t®)fc 

[0 18 7] *§l^|c^)^l^®t^iv^Tf^l^^nfcv-1f 
10 18 8] ztDx^iz7^mm<om^0imi:-^^^m 

[0 18 9] *fc, *llfiS®J&S§-ei±. MQW&Mg- 

A 1 GaNjg 1 0 7 tmmt?>m^t Ltcifi. 'z<om 
[0 19 0] (msommmm) ^mmoBmit. ^ 

Si H-7'AlGaNi'^vKM-SV 
MgK-7AlGaNi'5«y h-®©m^^^^-rSo 

[0 19 1] •T'Bi^^'fe. i'^':'^'©ffi-¥'■rv^3?^a^T-fe 

SnMCDAlGaNt^JUs nSJ=I^«i6«^t^ 1 x 1 0 
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[0192] ^24 8 

[0 1 9 3] ^mimm^t<^xuocvT> (Mm^m 

[0 19 4] c®#fi^<*;l/-lfSgfc43V^TB:, -y- 
7 7'-Y-\'»«2 0 3±lc, (5 5 0*0 0Ga 

10 N^tv/7:p-M2 0 4 (0. 0 3//m) ^ 
©±C$f,t^ i^ia (1 1 0 0-C) T-*£gUfen-Ga 
N3Vi'i'hM20 5 5xl0'"c 
m"\ 3/zm) ^ Ti/AuiP&:&5nffi!lM2 0 6. 
n-Alo. isGao. BsNi'^y H®2 0 7 (Mg : 5 x 
lO^cmA Si : 5X1 O^cm-'-lsJ^H-rO. 
3 5//m) . ^mg?#p^iig (MQW) aV3fcif-f K 

[0 19 5] *S14®gB2 0 8tt^ Ei2 5 tzSf U < J: 
■5t:^ J?$0, l;tim©GaNipe>3&53^;tf'f 0 
20 8 a, 2 08b$WUTV%5, ife, -e©#p®«:3n 
mJ?©Ino.i8Gao.>aN3g3!)»f)$:5^ ^^y-^-Jilii? 
^ 5 nm© I no. o4Gao. fl«NA*e>SfiE^ix5„ 
to 1 9 6] Wfe^^ftV— tfSStt, p-A 
. lo. leGao. BsNi'-7 'j; HM2 0 9 (Mg 7*, 5 x 
10"cm-', 0. 3 5/tm), p - G a NSfiKfiffl :^|^ 
+ S'7"jS2 10 (MgH-T", 5x 1 0^"cm-', 0. 
3/fm) X p-GaNnV^^hJg (Mgh*-r;'8x 
10'"cm-\ 0. 8/tm) 2 11, p* -GaNiUS 
hM2 1 2 (MgH-T", 2 X 1 0"c 
30 m-', 0. l^m). p«e§ 2 1 3, SffilftA 1 o. , 
Gao.4 N3!pe)4;SS»ii^*®2 1 4 {T^Y-^J 
0. 2 5jum) ^CS^Tl^S. 
[0 1.9 7] S:43s -y-^r^TSffili (0 0 0 1) c® 

[0 19 8] 02 4tiil^T, Sttiii^i^Jg 2 1 4Ht±l& 
&tn;AlGaN&MV-*Ti'»3. fSMST-oi'J'^Vi^-C 

40 SAintlftSU-CV^a, 7'>K-7'TfeAXGaNE±A 

[0 19 9] 02 5e:*^©J|$Sit^fc5SlJ^©fe«? 
M ©^ ^ V H ^^-f 7 A ^ t S 0T- fc 5 , 

[0 2 0 0] *glM©JB^-^Iie'5':;i'©^*L-^'-rv\ 
Si-Al GaNM2 0 7CMgSp|^h--7'bTV> 
5. ^Sttpffl!)©^^^' FJS-CJfeSMg-AlGaNfi 

2 0 9fc^b<o. 3 5/imtbto c©«a5:*^^3-a-T- 
^^•j^^ti^&bTi^&v^o :i©M3ST-Met*^7 5'i' 

50 ©lfflJ^Ste^i:UT«tfeUtV>S. ±g3UfeJ;ai::Si- 
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AlGaNM2 0 7t:B:. Mgifi5 x 1 0 cm~\ S 
1*^5 X 1 0 '"cm-' H — T'^ntV-iSo Ms<O^U^ 

[0 2 0 1 ] *§l5£oB^t::*>V'»T<'tSg^n;fel^— tf 

4 1 5nms g&f^«a*i5. 5VT-3fe-pfco 
[0 2 0 2] c©j;-5(c;^^ggo||JScDJi5^t^5i|£SS: : 

[0 2 0 3] (mstDmmcomm) ±tsmi^m8<D& 

mm<Dmm~Cit, (4) ^RUsat CS) SCtcj;t)^ie, 
nsifef*t:(ciS^^-&S CI fc-C-A 1 G a NM®i'^ i?IB 

■Ste^^SKl J; 5 A 1 GaN^lCi'^ s/i'Sf AS^^-rS 
<^>&Wlfc-rSo o^?), ^fcSM&AlGaNMtcUJ; 

[0 2 0 4] 026 9 (omm<DBmizmi:> 

[0 2 0 53 c:®#a^#f*:U-tf^®tijlt5&g|b 

DJ5E:g5F-&fc4KDTfeSo 3( 

to 2 0 6J S2 6tc^-ri?-:7 5'W-^^l 1 J: 

^C^ ffiM (5 5 O'C) •CGaN-'^'j/^T'— Ml 2 (0. 
0 3/£m) MV^TigM (1 1 OCC) ICT 

GaNmei^M.^:?^-^! 3 (0. 3//m) 

[0 2 0 7] gce>C, ^©±lC+^tm\n-Alo. I* 
Gao.a8N3>r5'5' 1 4 (S i K — IxlQ^" 
cm-\ 1. 5um) n-Alc.s Gaa.a Ni?-^ 
•i'KJilS (Sih--:/, 5xl0"cm-\ 0. 2// 
m) et. p-Alo.3 Gao., N^?^5/ 40 

KM 17 (Mgh*-:?', 5xl0''cm-% 0. 2// 
m) GaN:3>^'i' 1 8 (Mg 1 — 3 

xl0'"cm-\ 0. l/^m) i:Srlii»:fiEg?-^5, 
[0 20 8]^bT. GaN^^^i' hMl 8±tpffi!l 
mmZO, n-AlGaN^V^'^ hill 4±tn<H!|® 
ai 9)&*^It^nT. tf^Si:UT«fi£ 

:^hV—AtDIne. 1 G&o,h NASMfflSAlo.i Ga 

la 2 6 iz^^Tn&^mi^iy-irmmo^mi^^^^^ so 
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^fr;GaNipe.3£cS^hbTti:fSmMGaN/t'> 
7r-Jgl2i;, i^SGaN^^^yt-z^T-Ml 3 

GaNrj>4^i7 hMl 8i:As^b, ^O^tfjgi? 
tt^ ^tlO. 4 ^tCAlGaNipe. 
JfeSMi^bTJin-A 1 GaNnv^'^ hMl 4i:. n 
-Al GaN^^'V h-a 1 5i:, rSSM 1 6i:, p-A 

1 . 9x£m-efe5o 

[0 2 0 9] d®<tdtc^|^ff^^®^i*-r.H:^ GaN 

[0 2 10] :i<Dm^^m2 7<om^Miz7jk^„ z<Dm 

&GaNMtt,5'5-;^'^^^lJ:feV^eg^M;5J5^T^: 

[0 2 11] &4b\ -©i^«:;*;||i66Dfl5^^tcg=-^j;3 

tAlGaNMAiMffiiii©3^eBW«:Mi:)&:5«^fc-e- 

ZPO±t3 (4) ^Xti (5) SCcD^f^ti^fcSTj&vi 
J^^ictt. 02 8®®L^lat^^•rJ:■3lcAlGaN0t: 

[0 2 12] i:;L;5T% ■y-^y^'-VSiS^ffiMTA 1 G 
^4:^^S*»U<a:^N-ie{CGaN<0#eaJiS 
KiKSt^tfc'^GaNieaAs*St)^ViSHS:tbTV^ 
i:©^^iis^ o T c: ® G a NMO?^ t <t o T, 

if~t^ C: < mH^c A 1 G aNM^SSS$#Mlt-5« 

[0 2 13] C®a:atiSMGaNmifgS/Vy73'-M 
13{i, •y-yT'-f^StKl l*>b<ttT^;i/7*;^MT- 
fe5eMjEEE:^GaNv't.y7r-Ml 2 iiCD|&^:^^iE^lg 

[0 2 14] C:®<fc5tClgigGaNmiS^7^':;7r-Jg 
13tt, n-A lGaN:3>^^ 1 4]iif^®JiiC^t^ 

bTV>5cO^»), ::®;^?gGaN#ifga^^s;:77'— M 
13Ai:&^.^^:. ¥^?<*5R^m^<DA 1 GaNMtjgS 
X^xm^-t^Bmms^Vi^^. T^}\^yvf>^mx^:S,i& 
m^m.G a N7 7 T -M 1 2 C t Csfc 

AlGaNJgt:t)IE{a^S^bSAs^ :*:^MS/aT*a;, 
SigGaN^feSM-y^T—Ml 3 *C J; 5 ^(4^* • 



(17) 
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[0 2 15] Jteii. igmGaN*gSMy77-Jil 3 

[0 2 16] Sfcx 1 MljiStctt, 

±gfl Ufc J: -5 tiiaia^:^ L1trtjl7 7t-7.^<D G a N/^ 

tit£. ^m<ommmizi±^mB^^mi&w}^mrz-r lo 

y 7 r-® J: ^ T1f 7 r -VS^ i: ^ 

[0 2 17] LfcAS^T. 

t0 2 1 8] AlGaNMcD^ffi3E»*^^t:4'^i^-v;i'M 20 

?^iS(±ffV^fi!lOAlGaNMO*»©i:=5:*J. aifF*;^ 
^^mifimn^tl?>o t3i^. AlGaNiit^3^^b7^j^) 

[0 2 19] Sfe. n>5'e' hJSi;tT®ffl|^M&t 

hffifiTiOfiiSS&^ii*M&nfec GaN®Bffi^tbTA 30 

l,GaNM©AlTO*si 0%;£i@j!.SS<pe.W±O^ 

TI±-9-7T'fi'&ifffl®{b«SlKO«^tf^®J:a 

AlGaN^H<t5t&?^M^MLTV^feo 
[0 2 2 0] fe^J:©<t^C^fi£^nfc»fe4^i§($:L/-+F 

[0 2 2 1] C©J:5{c$^B^©^9®||fficDJK,^tc^ 

i'-'U®CiilJ5AlGaNji©iE^$i|£^W±tU ^ 40 
«ig^filfiEr5^E£l<J^d:|&?^®t^A 1 GaNig©*,® 

^^^^if«:AlGaNig&^#SCi:il*T§^ SAlg[jK© 
AlGaNJi&i'^^y KJii:UT:^-f h^'f K3K4^«?<*: 

[0 2 2 2] UfcA^oT. SK^^ffitn;£+:&Cffi<f5C: 

t**T-&. ^^ti^i^stf^:l/— tfciiv%Ttt. ©Lsv^fit^ 
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[0 2 2 3] ^fc. *^©?BS§®^^£^tr<b^4i 
^l^^^^^ciiv^T(^. ■y-77'^i'»igi itn-AiG 

&lJl3>iHf hmi4t<Dmi^. ®iSjS:gGaNAy7 
r-Ml 22irfm^lK^WT©i^mGaN^ig^/^^;7 

^1&?^S[A*A 1 GaN^©^,©T-^5c:ii(c: j;5^g9i 
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